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ABSTRACT : 

PURPOSE: To facilitate adjustment of each coil current as 
well as to increase 

flux density and to uni formalize the distribution of the 
flux density by 

composing a flat plate coil unit of plural coils. 

CONSTITUTION: A plate coil unit 13 is composed by arranging 
plate coils 14, 15, 

16, 17 on each of the fan shaped planes obtained by 
dividing a top plate 12 

into four pieces and it is connected to a high frequency 
power supply 19 

through a variable capacitor 18. In such a composition, 
the capacitance of a 

variable capacitor 18 is adjusted, an inductance value and 
the degree of plasma 

coupling are made adjustable by changing a current flowing 
through the coils 

14-17, so that the uniformity of plasma in a vacuum 
container 10 is 

accomplished easily. Furthermore, the impedance is reduced 
by parallel 

connection of the coils so as to suppress the plasma 
oscillation caused by the 

impedance, thereby a stable and uniform high density plasma 



can be obtained. 
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(54) PLASMA PROCESSING DEVICE 
(57)Abstract: 

PURPOSE: To facilitate adjustment of each coil current <_, 



curr ent flowinqj hrouah the coils 14-17, so that the 
uniformity of plasma in a vacuum container 10 is 

accomplished easily. Furthermore, the impedance is reduced by parallel connection of the 
coils so as to suppress the plasma oscillation caused by the impedance, thereby a stable and 
uniform high density plasma can be obtained. 
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as well as to increase flux density and to uniformalize the 
distribution of the flux density by composing a flat plate 
coil unit of plural coils. 

CONSTITUTION: A plate coil unit 13 is composed by 
arranging plate coils 14, 15, 16, 17 on each of the fan 
shaped planes obtained by dividing a top plate 12 into 
four pieces and it is connected to a high frequency 
power supply 19 through a variable capacitor 18. In such 
a composition, the capacitance of a variable capacitor 18 
is adjusted, an inductance value and the degree of 
plasma coupling are made adjustable by changing a 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 4] 
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CLAIMS 



[Claim(s)] 

[Claim 1] Plasma treatment equipment characterized by constituting the aforementioned monotonous 
coil unit from two or more coils in the plasma treatment equipment which impresses RF power to a 
processed material at the monotonous coil unit by which opposite arrangement was carried out, 
generates plasma, and processes the aforementioned processed material using this plasma. 
[Claim 2] Plasma treatment equipment of a claim 1 which connected the current adjustment means to 
two or more coils of each. 

[Claim 3] Plasma treatment equipment of the claim 1 which carried out parallel connection of two or 
more coils to the RF generator. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention supplies RF power by inductive coupling, generates plasma, and 
relates to the plasma treatment equipment which manufactures a semiconductor device using the plasma. 

[0002] 

[Description of the Prior Art] RF power is supplied to a vacuum housing, plasma is generated, and there 
are an electrostatic capacity-coupling method and an inductive-coupling method in giving energy to 
plasma. A throughput large to the equipment processed using plasma, such as semiconductor fabrication 
machines and equipment and LCD equipment, in recent years is searched for, it comes and the high 
density of the plasma to generate is demanded. 

[0003] The typical composition of the plasma treatment equipment of the electrostatic coupling scheme 
shown above impresses RF power between the parallel plate electrodes by which confrontation 
arrangement was carried out, and with the plasma formed between parallel plate electrodes, since the ion 
and electron of a high energy in plasma reached on a processed material by RF electric field, it was 
accepted and it had the problem which does an injury to a processed material that the contamination 
from a foolish Rika electrode could not be escaped, either. 

[0004] On the other hand, with the plasma treatment equipment of an inductive-coupling method, the 
electron restrained by magnetic flux is low energy, ion also serves as low energy, and can generate high- 
density plasma easily further, and has the advantage that there can also be few injuries by the electron 
and ion to a processed material, and can improve a throughput sharply so that it may be indicated by 
Japanese Patent Application No. No. 338900 [ one to ]. 

[0005] In drawing 4 and drawing 5 , the plasma treatment equipment of the conventional inductive- 
coupling method is explained. 

[0006] The metal vacuum housing 1 is formed and the covering 2 made from wrap permeability 
material, for example, a quartz, is fixed on the aforementioned vacuum housing 1 for the internal surface 
and ceiling of the aforementioned vacuum housing 1 . The coil 3 formed in the ceiling upper surface of 
this covering 2 monotonously spirally is arranged, the end of this coil 3 is connected to 1 st RF generator 
4, and the other end is grounded. The processing base 7 in which opposite arrangement is carried out at 
the bottom plate 5 which blockades the soffit of the aforementioned vacuum housing 1 airtightly at the 
aforementioned coil 3, and a processed material 6 is laid is formed, and the aforementioned processing 
base 7 is connected to 2nd RF generator 8. 

[0007] RF power is supplied to the aforementioned coil 3 from 1st RF generator 4, plasma occurs in 
covering 2 by dielectric combination, and RF energy is supplied to this plasma. Since the plasma 
generated by dielectric combination lacks in an anisotropy, from 2nd RF generator 8 of the above, it 
impresses RF power to the aforementioned processing base 7, and generates RF bias. It ** and the ion 
from plasma **********s[the aforementioned processed material 6 ]. 
[0008] 
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[Problem(s) to be Solved by the Invention] however, with the plasma treatment equipment of ** et al. 
and the above-mentioned conventional inductive-coupling method In order to make uniform plasma 
density which was using the coil 3 formed monotonously spirally for induction field formation, and was 
generated with this coil 3 It had to consider as the configuration of a proper coil, and number of turns to 
the configuration of a vacuum housing 1, the size of a processed material 6, the correlation of a vacuum 
housing 1 and a processed material 6, etc., the huge experiment was repeated at every manufacture, and 
the configuration of a coil and number of turns were determined. 

[0009] Furthermore, in the specification determination of a coil, if the number of turns of a coil are made 
[ many ], high voltage will be needed for an impedance becoming high and obtaining the required high 
frequency current, and the electric insulation between the RF power supply corresponding to this and an 
end-winding end child will become difficult. Therefore, it will become an expensive RF power supply. 
[0010] Furthermore, if a vacuum housing 1 becomes large, the inductance of a spiral coil will become 
still higher. If number of turns are lessened for this reason, it will become the flux density distribution 
according to the configuration of a monotonous coil, and an of condensation-and-rarefaction distribution 
difference will become intense. Since plasma density distribution corresponds to this flux density 
distribution, it causes plasma oscillation, and it becomes unstable [ plasma ]. There was a problem that 
this did not accumulate an electron to a processing lifter, or did not become uniform [ membraneous 
quality ] at the thin film generate time of a processed material 6. 

[001 1] Uniform high-density plasma tends to be [ in / the plasma treatment equipment of an inductive- 
coupling method / in view of this actual condition / in this invention ] made to be acquired easily. 
[0012] 

[Means for Solving the Problem] this invention is characterized by having impressed RF power to the 
processed material at the monotonous coil unit by which opposite arrangement was carried out, having 
generated plasma, and having constituted the aforementioned monotonous coil unit from two or more 
coils in the plasma treatment equipment which processes the aforementioned processed material using 
this plasma, having connected the current adjustment means to further two or more coils of each, or 
carrying out parallel connection of further two or more coils to a RF generator. 
[0013] 

[Function] Flux density can be raised without enlarging an impedance with constituting a monotonous 
coil unit from two or more coils, equalization of a flux density distribution can be attained further, the 
current adjustment which flows in each of each coil further becomes possible, adjustment of the 
magnetic-flux generating state for every coil is possible, and uniform high-density plasma can be 
acquired easily. 
[0014] 

[Example] Hereafter, one example of this invention is explained, referring to a drawing. 
[0015] The processing base 1 1 is airtightly established in the pars basilaris ossis occipitalis of a vacuum 
housing 10, and this processing base 1 1 is loaded with a processed material 6. The ceiling of the 
aforementioned vacuum housing 10 consists of crown plates 12 which consist of insulating materials, 
such as a quartz, glass, and announcer Luna ceramics, and fixes the monotonous coil unit 13 on the 
upper surface of this crown plate 12. 

[0016] This monotonous coil unit 13 is constituted by two or more monotonous coils 14, 15, 16, and 17, 
each coils 14, 15, 16, and 17 are arranged in each flat surface of the shape of a sector which quadrisected 
the crown plate 12, and parallel connection is carried out to 1st RF generator 19 through the variable 
capacitor 18, respectively. The aforementioned processing base 1 1 is grounded through a switch 20, and 
the aforementioned processing base 1 1 is connected to 2nd RF generator 22 through the DC-blocking 
capacitor 21. 

[0017] The gas inlet into which 23 introduce the gas for processing, and 24 are exhaust ports among 
drawing. 

[0018] From 1st RF generator 19, RF power is supplied to the aforementioned monotonous coil unit 13, 
plasma is generated in a vacuum housing 10 by dielectric combination, and RF energy is supplied to this 
plasma. 
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[0019] The aforementioned processing base 1 1 switches on and grounds a switch 20 according to the 
purpose which processes a processed material 6, or RF bias is impressed from 2nd RF generator 22. 
[0020] That is, when a switch 20 is switched on and grounded, a necessary thin film is generated by the 
processed material 6, and when RF bias is impressed from **** 2 RF generator 22, etching of the thin 
film formed by the processed material 6 is performed. 

[0021] As for the aforementioned coils 14, 15, 16, and 17, an inductance value differs from a plasma 
combination grade delicately, respectively. The electrostatic capacity value of the aforementioned 
variable capacitor 18 is adjusted, by changing the current which flows in the aforementioned coils 14, 
15, 16, and 17, the aforementioned inductance value and a plasma combination grade can be adjusted, 
and plasma density in the aforementioned vacuum housing 1 0 can be made uniform. 
[0022] Furthermore, since this monotonous coil unit 13 is constituted by two or more coils 14, 15, 16, 
and 17 although the aforementioned monotonous coil unit 13 becomes large if the size of a vacuum 
housing 10 becomes large as described above, an impedance falls, and an impedance falls further by 
carrying out parallel connection of further two or more coils 14, 15, 16, and 17. It ** and the plasma 
oscillation resulting from an impedance fall can be suppressed. 

[0023] Furthermore, the magnetic-flux intensity generated with two or more coils 14, 15, 16, and 17 can 
be adjusted by adjusting the current which measures the plasma density in a vacuum housing 10, and 
flows in the aforementioned coils 14, 15, 16, and 17 again by the aforementioned variable capacitor 18, 
and the flux density which the monotonous coil unit 13 whole forms can be equalized. **(ing) -- plasma 
-- not being confused -- stable ** -- uniform plasma is acquired 

[0024] In addition, various the division methods of the monotonous coil unit 13 and arrays of a coil are 
arranging a circle-like coil in the center, as it thinks, for example, is shown in drawing 3, , and arranging 
a circular coil in the circumference etc. , . 

[0025] Moreover, variable resistance, coils, or these combination are [ that what is necessary is just a 
means to adjust current ] sufficient as the aforementioned variable capacitor 18. 

[° 026 ] • t. ice c 

[Effect of the Invention] While the fall of an impedance is possible, without generating the difference ot 
roughness and fineness in a magnetic-flux distribution since two or more coils constitute the 
monotonous coil unit according to this invention as stated above, and being able to suppress plasma 
oscillation, the effect which was [ acquire / easily / uniform high-density plasma ] excellent in adjusting 
the current supplied to each coil is demonstrated. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 It is outline ******** showing one example of this mvention. 
rPrawing 21 It is the outline plan of this forward example . 
[Drawing 31 It is the outline plan showing other examples of this invention. 
[Drawing 41 It is outline ******** showing the conventional example. 
[Drawing 51 It is the outline plan of this forward conventional example. 
[Description of Notations] 
6 Processed Material 
10 Vacuum Housing 

13 Monotonous Coil Unit 

14 Coil 

15 Coil 

16 Coil 

17 Coil 

18 Variable Capacitor 

19 1 st RF Generator 
22 2nd RF Generator 
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